Effects of darbepoetin-α on oxidative stress marker in patients with chronic renal failure. 
Introduction
Reports have stated that when treating renal anemia in patients with chronic renal failure, palliative care should be initiated for progression of renal failure in addition to treating anemia [1] . Furthermore, such treatment is reported to be extremely important for the prevention of cardiovascular disease [2] . From these perspectives, the importance of treating renal anemia in patients with chronic renal failure continues to increase.
Epoetin-α was released in the market in 1990 as a drug to treat renal anemia, but from 2005 onwards, darbepoetin-α (DA) began to be used in clinical practice. DA is a formulation with a modified epoetin-α molecular structure; therefore, the duration of its hematopoietic effects is longer than that of conventional epoetin-α, thereby allowing a prolonged administration interval [3] . In clinical practice, excellent results have been reported in patients undergoing dialysis and those who are in the conservative stage of renal failure [3] .
Renal failure and uremia are known to cause oxidative stress [4] . This is believed to damage the kidneys and other organs [5] . Currently, although a few reports have investigated changes in the levels of oxidative stress markers due to DA administration, results have been inconsistent [6] [7] .
For this reason, in this study, we investigated the changes in the levels of the oxidative stress marker malondialdehyde-modified low density lipoprotein (MDA-LDL), hemoglobin (Hb), and creatinine (Cr) inconservative-stage patients with chronic renal failure who were switched from epoetin-α to DA treatment.
Materials and Methods
The study population comprised nine patients with conservative-stage renal failure who were treated as outpatients at the Nephrology Department of the Hirosaki University Hospital. The patients' diseases were well-controlled by once-a-month administration of epoetin-α. After providing written consent, the subjects were enrolled into this trial.
Patients were switched to DA at an epoetin-α:DA ratio of 200:1. Laboratory examinations were conducted at the time of switching and at 3, 6, and 12 months after the switch. Changes in Hb, Cr, and MDA-LDL and indoxyl sulfate levels were measured. Serum MDA-LDL and serum indoxyl sulfate levels were measured by SRL Inc. (Tokyo, Japan).
According to the Japan Society for Dialysis Therapy for renal anemia treatment guidelines, patients with renal anemia should be administered iron supplements when the transferrin saturation ratio (TSAT) is ≤20% and/or when the serum ferritin level is ≤100 ng/mL, with the target Hb level of 11 g/dL.
Results were represented as mean ± SD. Scheffe's method was used for statistical analysis, and p < 0.05 was considered statistically significant.
Results
Patients' background is shown in Table 1 . The underlying disease was determined by renal biopsy in one patient (focal segmental glomerulonephritis), five patients were suspected to have chronic glomerulonephritis, one patient had polycystic kidney disease, one patient was suspected to have benign nephrosclerosis, and one patient was suspected to have diabetic nephropathy. Epoetin-α was administered at the dose of 6000 units/month in one subject with comparatively well-preserved renal function, whereas all other patients were administered 12,000 units/month of epoetin-α.
Changes in serum MDA-LDL concentrations are shown in Figure 1 . Increase in serum MDA-LDL was only observed in one patient at 6 months after administration, but there were no significant changes observed in any of the patients during the course of the investigation.
Changes in Hb levels are shown in Figure 2 . No statistically significant changes were observed during the course of the investigation. After 12 months of administration, Hb level in one patient decreased to almost 6 g/dL, but this patient experienced abnormal vaginal bleeding due to a uterine tumor, which was thought to be the cause of the drop in Hb level.
Changes in serum Cr levels are shown in Figure 3 . A tendency toward a gradual increase in Cr levels was observed in all subjects, and a significant difference was observed when the levels prior to administration were compared with those at 12 months after administration (p < 0.05).
Changes in serum in doxyl sulfate levels are shown in Figure 4 . There was a wide variation in changes, but no significant changes were observed during the investigation period. Furthermore, no significant changes were observed in either systolic or diastolic blood pressure after the switch to DA (data not shown).
Discussion
In this study, we investigated serum MDA-LDL levels, Hb levels, and renal function in patients with conservative-stage renal failure who were switched from epoetin-α to DA treatment. During this study, when we investigated changes in the levels of MDA-LDL, an oxidative stress marker, no significant changes were observed after switching from epoetin-α to DA. MDA-LDL has recently received attention as a marker of oxidative stress and has also been suggested as being possibly related to cardiovascular events [8] . Although no obvious changes were observed in this study, serum Cr levels gradually increased. Practically, this increase may suppress the progressive oxidative stress associated with worsening renal failure.
Furthermore, Hb levels remained stable after the switch form epoetin-α to DA. After 12 months of administration, Hb level decreased in one patient, but the patient presented with abnormal vaginal bleeding due to a uterine tumor, which was thought to be the cause of the drop in Hb level. The subject received a transfusion, experienced no further problems, and was considered well-controlled.
In all cases, there was a tendency toward a gradual increase in serum Cr levels, and a significant difference was observed at 12 months after administration when compared with the level measured prior to administration. Some patients with advanced renal failure were included among the patients enrolled in this study, and thus, these subjects were believed to reflect the natural course of renal failure progression.
Moreover, there were no significant differences in the indoxyl sulfate levels. However, indoxyl sulfate is considered to promote renal failure and may act as an inhibitor of DA.
To date, few reports regarding DA and oxidative stress have been published; some of these reports have stated that oxidative stress is improved by DA administration [6] , whereas other reports have stated that no significant changes are observed [7] ; thus, no consensus has been reached yet. It is possible that these results were related to differences in the control groups and administration periods. In addition, in vitro reports have also been published, and according to Yang et al., DA suppresses TNF-α-mediated production of endothelin-1 and acts to suppress atherosclerosis [9] in human aortic epithelial cells. These effects are stronger with DA than with epoetin-α. The underlying reason proposed by Yang et al. is that DA molecular structure contains more sialic acid than epoetin-α molecular structure. This theory, however, requires further investigations.
Conclusion
In this study, we investigated changes in MDA-LDL and indoxyl sulfate levels, anemia, and renal function in patients with conservative-stage renal failure who were switched from epoetin-α to DA. In our study, no increase in MDA-LDL or indoxyl sulfate levels was observed in response to the once-a-month administration of DA; therefore, DA could be used to control anemia. Thus, DA is believed to be a useful treatment for renal anemia in patients with conservative-stage renal failure.
